Porous ceramics composite was prepared with mixed powders (Al, TiO 2 and B 2 O 3 ) by SHS (Self-propagating High-temperature Synthesis) method. The effects of the particle size of aluminum power, the additives of SiC and the compacting pressure on the product properties and the pore size, as well as the combustion process in the Al 2 O 3 -TiB 2 system were researched. The effects of all factors on properties of the product were tested in this paper. The microstructure and mechanical properties (density and compressive resistance strength) were reported. It is learnt from the study that the relation between the open porosity and the pore size does not exist, the former depends on the green density, and the latter depends on the particle size of the aluminum powder. The porous ceramic composite with porosity is ranged from 45% to 68%, pore size is ranged from 1um to 400um, and the compressive strength is about 9.5 MPa. SEM observations of fracture surface suggest that the fracture mode is brittle fracture, and the microstructures of the porous of ceramic composite is very homogenous.
Introduction
The porous ceramics is a new kind of functional material. These ceramic materials have many good properties and been attracted great interest for wide application in many fields such as chemical industry, information technology, biomaterial engineering, environmental protection and so on [1] [2] [3] . There are many homogeneous porosity which dispersed in base ceramic materials. They have the advantages of lower density, the BET surface area, physical surface characteristics, selecting permeability for liquid and gas, energy absorbing, damping, and so on. Forthmore, the porous ceramic materials have high temperature corrosion resistance, higher chemical stability and size stability. By making advantages of homogeneous porosity, the porous ceramics can be manufactured into filters, separating equipment, etc. By making advantages of energy absorbing property, they can be used for sound absorbing materials, shock absorption materials. By making advantages of high value of the BET surface area, they can be used for porous electrode, catalyst supports, heat exchanger, gas sensor. By making advantages of lower density and heat conductivity, they can be used as heat-insulation material and light structural materials.
Today, the methods preparing porous ceramics are depending on producing pore techniques, froth techniques, organic forth-dipping techniques, and sol-gel method [4, 5] . Self-propagating high-temperature synthesis (SHS) is developed from Russia [6, 7] . The method is based on the use of the heat released during exothermic reactions in order to preheat raw materials and to obtain a self-sustained system.
In this paper self-propagating high-temperature synthesis method is carried out to fabricate the porous ceramics and Al 2 O 3 -TiB 2 system is used for research object by adjusting the state of reaction materials, including raw materials chemistry composition, reaction materials grain size, raw sample density and so on. Many porous ceramic products with different shapes such as circle plate, and cylinder, etc, have been fabricated by author with porosity of 45%-68%, and pore sizes of 1-400 µm. 2 For the porous ceramics of Al 2 O 3 -TiB 2 system, the range of porosity and pore size is great. The porosity and pore size are easy alternated and controlled. High combustion temperature is one of features during the combustion process. The highest temperature in Al 2 O 3 -TiB 2 system is 2230℃ and higher than the melting point of Al 2 O 3 . The Al 2 O 3 and TiB 2 in the system can be thoroughly sintered. Another feature is that the combustion materials are easy formed in the combustion process. The combustion materials are not easy delaminated and can be ignored easily. It does not effect the ignore point to add different kind and quantity of additions and the system can combusted thoroughly. It gives the convinince to alternate and control the pore size by adding some additions. Raw materials. Al powder: industrial, grain size 45-175 µm; TiO 2 powder: industrial, rutile, grain size smaller than 45µm; B 2 O 3 powder: industrial, grain size smaller than 175µm. Raw materials. The raw materials are mixed according to chemical mole ratio of the composite system for 4 hours, and some additive is added. After being sieved, mixed and dried, the reactive mixtures were filled up the stainless steel die by pressing or librating to shape. Raw sample and products measurement. The calculating formula of raw sample density can be written as:
(2) Where m 1 is the sample dry mass, m 2 is the mass with full of water in the air, m 3 is the mass with full of water in the water, ρ w is the water density. The visible porosity measurement. The visible porosity of cermet composite was calculated according to the following equation:
The total porosity calculation. The total porosity of cermet composite was calculated according to the following equation:
θ T = ( 1 -ρ S / ρ 0 ) × 100% (4) where ρ 0 is the produce academic density. In the reaction system, ρ 0 is 4.06 g/cm 3 , the formula is shown as follows: 
Notes: the density of Al 2 O 3 is 3.9 g/cm 3 ; TiB2 is 4.5 g/cm 3 . The closed porosity calculation. The closed porosity is calculated by using the following formula: θ C = θ T -θ V (6) Experimental equipment. The experimental equipment include pressure die which is made by ourselves, mechanical press with the force of 250KN, oxy-acetylene flame, JA1103N type electronic balance with the precision of 0.0001g, 6360LA type SEM, graphite crucible, etc. The compressive strength measurement. The compressive strength is measured by using the formula σ = P/S on all-purpose material tester with cylinder φ20mm × 20mm according to GB/T1964-1996. Manufactory process of porous ceramics. All the raw materials were weighed out according to the ratio Al:TiO 2 :B 2 O 3 =9:8:7 and mixed homogenously. Some additive such as Al 2 O 3 and SiC is added to the reaction system. In order to compare the experimental results, the specimen is shaped by pressing and hand. The pressed samples which are ignored by using oxy-acetylene flame.
Experimental results and analysis
Effect of additive on pore size and porosity. Generally, additives don't take part in chemistry reaction. So additive of Al 2 O 3 and SiC are choozed. The results are listed in Table 1, Table 2 . 1 shows the pore size changing with the additives. From Fig.1 it can be seen that the pore size is decreasing obviously when the content of Al 2 O 3 and SiC are increased, but its effect on porosity is little. This is because that Al 2 O 3 and SiC don't take part in high chemistry reaction. But it obstructs reaction, and has the filler effect. It obstructs melted Al reuniting at the beginning of igniting, and fills in primary pores, Al 2 O 3 and SiC decrease the combustion temperature and slow down the pore size enlarging during the process of solidification. Mechanical, Materials and Manufacturing Engineering a. shape by hand b. shape by pressing Fig.3 The SEM micrographs of porous ceramic composite with different forming pressure Effect of form press on pore size is obvious. The porous ceramic which is pressed by hand is larger than that of pressing by machine,see Fig.2 and Fig.3 . The press can only decrease the pore sizes. It can not increase the porosity ratio. The compressive strength σ b is increased by increasing the form press. Grain contact area is smaller and integrate between grains, more consolidate while composite compressive strength is higher when shaped by pressure. Properties measurement. The research has indicated porous ceramics products with different shapes such as circle plate and cylinder, etc. the properties are following.
Composite pore sizes are 1-400µm, compressive strength is larger than 12Mpa, visible porosity is about 45%-68%, the acid and alkali resistance is very good (mass losing < 2%).
Filtration capability by measured liquid passing is a means token filtration precision in this paper. Sample size is choose cylinder φ30mm×40mm. The liquid for filtration is composed with TiC powder weight 1g, grain size 3µm and distilled water 1000ml. The experimental result analyzed by using grain size analysis instrument is showed that the filtration capability of sample with additive 20% Al 2 O 3 and SiC is 90%, 94%, respectively.
Conclusions
1) The porous ceramics with porosity is ranged from 45% to 68%, pore size is ranged from 1um to 400um, and the compressive strength is about 9.5 MPa.
2)The pore size which is pressed by hand is larger than that of pressing by machine.
3) The additive of Al 2 O 3 and SiC can greatly decrease the pore size and its effect on porosity is little.
